The reactive nitroxides 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl chloroformate and 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl chlorothionoformate were synthesized from 2,2,6,6-tetramethyl-4-hydroxypiperidin-1-oxyl and diphosgene (68 %) or thiophosgene (61 %), respectively. The reactions of the chloroformate and chlorothionoformate with lower secondary amines lead to 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl N,N-dialkylcarbamates (59 -94 %) and thionocarbamates (35 -65 %), respectively. Unexpectedly, the same 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl N,N-dialkylcarbamates were obtained directly in a one-pot reaction of 2,2,6,6-tetramethyl-4-hydroxypiperidin-1-oxyl with diphosgene and lower tertiary alkylamines by dealkylation in 32 -86 % yield. The antifungal activity of the synthesized carbamates and thionocarbamates has been demonstrated.
Introduction
In previous papers we described the synthesis and the pesticidal activity of urea, thiourea, and selenourea derivatives bearing either an aryl [2] or a nitroxyl moiety [3, 4] . Aryl iso(chalcogen)cyanates [2] and 4-iso(chalcogen)cyanato-2,2,6,6-tetramethylpiperidin-1-oxyl [3, 4] , respectively, were applied as starting materials. Antifungal activity of the synthesized derivatives has been demonstrated.
Analogously to urea derivatives, carbamates are well known as pesticides. Carbaryl (1- The mode of action of carbamate insecticides is very similar to that of the organophosphate insecticides as they inhibit cholinesterase enzymes [11] . Thionocarbamates (C=S instead of C=O) show antifungal activity. The thionocarbamates tolnaftate (naph-0932-0776 / 11 / 0500-0493 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com thiomate, β -naphthyl N-methyl-N- (3-methylphenyl) thionocarbamate) and tolciclate ((1,2,3,4-tetrahydro-1,4-methanonaphthalen-6-yl) N-methyl-N-(3-methylphenyl)thionocarbamate) have been proven to block ergosterol biosynthesis (what is in correlation with their antifungal activity [12] ) in fungal cells and cell extracts [12, 13] . Moreover, the antifungal activities of Dglucopyranosyl thiocarbamates have been recently reported [14] .
A successful synthesis of a reactive chlorothionoformate containing a nitroxyl moiety, namely 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl chlorothionoformate (2b) [15] , prompted us to synthesize its reactive oxygen analog 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl chloroformate (2a). The application of both reactive nitroxyl radicals, the chloroformate 2a and the chlorothionoformate 2b, as the starting materials in reactions with secondary amines, afforded the corresponding N,N-dialkylcarbamates and N,Ndialkylthionocarbamates bearing a nitroxyl moiety. The pesticidal activity of these compounds has been evaluated.
Herein we present a synthesis of the new, reactive nitroxyl radical 2a, the syntheses of new nitroxylsubstituted N,N-dialkylcarbamates 3a -e and N,N-dialkylthionocarbamates 3f -j from secondary amines, 3a: X = O, R 1 = H, R 2 = CH 3 3b: X = O, R 1 = CH 3 , R 2 = CH 3 3c: X = O, R 1 = C 2 H 5 , R 2 = C 2 H 5 3d: X = O, R 1 = n-C 3 H 7 , R 2 = n-C 3 H 7 3e: X = O, R 1 = n-C 4 H 9 , R 2 = n-C 4 H 9 3f: X = S, R 1 = H, R 2 = CH 3 3g: X = S, R 1 = CH 3 , R 2 = CH 3 3h: X = S, R 1 = C 2 H 5 , R 2 = C 2 H 5 3i: X = S, R 1 = n-C 3 H 7 , R 2 = n-C 3 H 7 3j: X = S, R 1 = n-C 4 H 9 , R 2 = n-C4H 9 Scheme 1. Synthesis of carbamates 3a -e and thionocarbamates 3f -j (ClC(O)OCCl 3 = diphosgene).
and 2a or 2b, respectively, as well as the pesticidal evaluation of 3a -j. In addition, we show an alternative, efficient, one-pot synthesis of the N, N-dialkylcarbamates 3b -e without using secondary amines and chloroformates but 2,2,6,6-tetramethyl-4-hydroxypiperidin-1-oxyl (1), diphosgene (trichloromethyl chloroformate), and tertiary alkylamines according to the modified version of the von Braun dealkylation method [16 -18] , where chloroformates act as dealkylation agents [19 -29] .
Results and Discussion
In our previous paper [15] , the synthesis of the nitroxyl-substituted chlorothionoformate 2b from 1 and thiophosgene in the presence of pyridine was reported. The product was obtained in 61 % yield (Scheme 1). The attempts of the analogous synthesis of chloroformate 2a from 1 and diphosgene in the presence of pyridine afforded the expected chloroformate only in low and irreproducible yield (max. 25 %). However, when tribenzylamine (an amine used in the synthesis of the reactive nitroxyl 4-isocyanato-2,2,6,6-tetramethylpiperidin-1-oxyl [3, 30] ) was used instead of pyridine, the expected chloroformate 2a was succcessfully obtained in 68 % yield (Scheme 1).
The reactions of chloroformate 2a and chlorothionoformate 2b [15] with secondary lower amines afforded the 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl N,N-dialkylcarbamates 3a -e and the 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl N,N-dialkylthionocarbamates 3f -j in 59 -94 % and 35 -65 % yield, respectively (Scheme 1, Table 1/A).
Unexpectedly, the 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl N,N-dialkylcarbamates 3b -e were also obtained in a one-pot reaction. If lower trialkylamines are used as bases in the reaction of diphosgene with 1, a dealkylation of the tertiary amine occurs, and N,N-dialkylcarbamates 3b -e are obtained in 32 -86 % yield in a simple, one-pot reaction (Scheme 2, Table 1 . N,N-Dialkylcarbamates 3a -e and N,N-dialkylthionocarbamates 3f -j; A: from dialkylamines and the respective carbamate 2a or thionocarbamate 2b; B: from 1, diphosgene and trialkylamines. 
Scheme 2. Synthesis of carbamates 3b -e accompanied by dealkylation of trialkylamines. Table 1 /B). The dealkylation of the tertiary amine is accompanied by the formation of an alkyl chloride. Its presence in the reaction mixture (n-butyl chloride in the synthesis of 3j from 1, diphosgene and tributylamine) was confirmed by GC/MS analysis. The identity of 3b -e obtained either from the chloroformate 2a and dialkylamine or directly from 1, diphosgene, and trialkylamine was confirmed by the comparison of the corresponding melting points, IR and MS spectra. Analogous attempts to obtain 3g -j directly from 1, thiophosgene, and trialkylamine failed. Inseparable mixtures of difficult-to-identify products were obtained. The structures of the synthesized N,N-dialkylcarbamates 3a -e and N,N-dialkylthionocarbamates 3f - Table 2 . Antifungal activity of 3a -j: reduction of the growth of colonies (%). j were confirmed by spectroscopic methods (MS, HRMS and IR). Possible alternative routes of the dealkylation of the tertiary amine in the synthesis of 3b -e are presented in Scheme 3.
The antifungal activities of N,N-dialkylcarbamates 3a -e and N,N-dialkylthionocarbamates 3f -j were tested. A weak to medium antifungal activity was found (Table 2) .
Experimental Section
2,2,6,6-tetramethyl-4-hydroxypiperidin-1-oxyl (1) was synthesized by oxidation of 2,2,6,6-tetramethyl-4-piperidinol with 30 % hydrogen peroxide (77 %, m. p. 71 -73 • C) according to lit. [31 -33] . Thiophosgene was manufactured in the Institute of Industrial Organic Chemistry. Diphosgene (trichloromethyl chloroformate) was purchased from Aldrich. The experiments were performed in a 25 mL roundbottom flask, equipped with a magnetical stirrer. The N,Ndialkylcarbamates 3a -e and N,N-dialkylthionocarbamates 3f -j were obtained as red crystals (except 3j). TLC control and column chromatography were carried out on silica gel Merck Alurollen 5562, Alufolien 5554 and Merck were recorded using a Micromass LCT apparatus. IR (ν in cm −1 ) data were recorded using a FT/IR Jasco 420 spectrophotometer. The methods for assessing antifungal activity involving both in vitro and in vivo tests were identical to those previously published [3] .
2,2,6,6-Tetramethyl-1-oxyl-4-piperidyl chloroformate (2a)
Tribenzylamine (1.722 g, 6 mmol) in benzene (18 mL) was added to the solution of 4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl (1, 0.344 g, 2 mmol) in benzene (5 mL). The solution of trichloromethyl chloroformate (diphosgene, 0.396 g, 2 mmol, 245 µL) in benzene (4 mL) was added with a syringe at r. t. The reaction mixture was stirred at r. t. for 24 h, and the progress of the reaction was monitored by TLC (HA9, BA9, BM9). The second portion of diphosgene (0.198 g, 1 mmol, 125 µL) in benzene (2 mL) was added at r. t. with a syringe. After the reaction had been completed (approximately after additional 1 -2 h, TLC monitoring), the precipitate (2.07 g) was filtered off, and the filtrate was concentrated under reduced pressure. The red residue was subjected to column chromatography (HA9 as a mobile phase). Red crystals of 2a were obtained (0. [15] Thiophosgene (1.55 mL, 2.33 g, 20.3 mmol) was added with a syringe to benzene (16.5 mL). A solution of 2,2,6,6-tetramethyl-4-hydroxypiperidin-1-oxyl (0.861 g, 5 mmol) and pyridine (0.85 mL, 10.5 mmol) in benzene (8 mL) was added dropwise to the thiophosgene solution at 18 -20 • C. The reaction mixture was stirred for 20 min at ambient temperature. The precipitate was filtered off and washed with benzene (2 -5 mL). Benzene was evaporated under reduced pressure. The crystalline residue (1.284 g) was recrystallized from hexane (7 mL) to give 2b (0. (10) [15] .
2,2,6,6-Tetramethyl-1-oxyl-4-piperidyl chlorothionoformate (2b)

2,2,6,6-Tetramethyl-1-oxyl-4-piperidyl N-alkylcarbamates and 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl N-alkylthionocarbamates 3a, 3b, 3f, and 3g; general procedure
The solution of pre-cooled methylamine or dimethylamine (∼ 40 -60 mmol) in benzene (∼ 5 mL) was added dropwise to a chilled solution of 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl chloroformate (2a) or 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl chlorothionoformate (2b) (1 mmol) in benzene (5 -10 mL). The reaction mixture, protected from humidity, was stirred for 1 h in an ice-water bath and for 24 h at r. t. After the reaction had been completed, the reaction mixture was concentrated and filtered under reduced pressure, and the precipitate was washed with a small amount of benzene. The filtrate was concentrated under reduced pressure. The residue (0.2 -0.3 g) was purified by column chromatography using BM95 (3a, 3f) or BA95 (3b, 3g) as a mobile phase to give the expected products 3a (85 %), 3b 2,2,6,6-Tetramethyl-1-oxyl-4-piperidyl N,N-diethylcarbamate (3c) and 2,2,6,6-tetramethyl-1-oxyl-4-piperidyl N,N-diethylthionocarbamate (3h) ; general procedure A chilled solution of diethylamine (∼ 30 mmol) in benzene (∼ 5 mL) was added dropwise to a chilled solution of chloroformate 2a or chlorothionoformate 2b (1 mmol) in benzene (5 -10 mL). The reaction mixture, protected from humidity, was stirred for 1 h in an ice-water bath and for 24 h at r. t. The reaction mixture was filtered under reduced pressure, and the precipitate was washed with a small amount of benzene. The filtrate was evaporated to dryness under reduced pressure. The residue was purified by column chromatography [HA9 (3c), BA95 (3h)] to give the expected products 3c (59 %) or 3h (42 %) as red crystals. 2, 2, 6, 2, 6, 3e, 3i , and 3j; general procedure A chilled solution of dipropylamine or dibutylamine (∼ 30 mmol) in benzene (∼ 5 mL) was added dropwise to a chilled solution of chloroformate 2a or chlorothionoformate 2b (1 mmol) in benzene (5 -10 mL). The reaction mixture, protected from humidity, was stirred for 1 h in an ice-water bath and for 24 h at r. t. The reaction mixture was filtered under reduced pressure, and the precipitate was washed with a small amount of benzene. The filtrate was washed with 1 M hydrochloric acid (15 mL), concentrated sodium bicarbonate solution (15 mL), and with water (15 mL). The solution was dried over anhydrous magnesium sulfate. After filtration, the filtrate was evaporated to dryness under reduced pressure. The residue (0.3 -0.45 g) was purified with column chromatography [HA9 (3d, 3e), BA95 (3e, 3i, 3j)] to give the expected products 3d (72 %), 3e (60 %), 3i (41 %) as red crystals and 3j (53 %) as a red oil.
A solution of pre-cooled trimethylamine (0.9 g, 15 mmol, 1.5 mL) in benzene (6 mL) was added to a chilled solution of 1 (0.344 g, 2 mmol) in benzene (5 mL). A solution of trichloromethyl chloroformate (diphosgene, 0.279 g, 1.41 mmol, 170 mL) in benzene (2 mL) was added with a syringe. Fumes were observed, the temperature rose to 40 • C, and the reaction mixture became cloudy. The mixture was stirred for 24 h at r. t., and the progress of the reaction was monitored by TLC (HA9, BA9, BM9). A copious amount of a precipitate was formed. The second portion of trichloromethyl chloroformate (diphosgene, 0.139 g, 0.70 mmol, 85 mL) in benzene (1.5 mL) was added. After the reaction had been completed (disappearance of the starting compound 1, TLC monitoring), the precipitate was filtered off, and the filtrate was evaporated under reduced pressure. The residue (0.519 g) was subjected to column chromatography (mobile phase: hexane : HA9) to give 3b (0.155 g, 32 %). M. p. 106 -108 • C.
2,2,6,6-Tetramethyl-1-oxyl-4-piperidyl N,N-diethylcarbamate (3c) (dealkylation of triethylamine)
A solution of triethylamine (1.54 g, 15.3 mmol, 2.1 -2.2 mL) in benzene (6 mL) was added to 1 (0.344 g, 2 mmol) in benzene (5 mL). A solution of trichloromethyl chloroformate (diphosgene, 0.279 g, 1.41 mmol, 170 mL) in benzene (2 mL) was added with a syringe. Fumes were observed, the temperature rose to 40 • C, and the reaction mixture became cloudy. The reagents were stirred for 24 h at r. t., the progress of the reaction being monitored by TLC (mobile phase: HA9, BA9, BM9). The second portion of diphosgene (0.139 g, 0.70 mmol, 85 µL) in benzene (1.5 mL) was added. After the reaction had been completed (disappearance of 1, TLC monitoring) the precipitate was filtered off, and the filtrate was evaporated under reduced pressure. The residue (0.78 g) was subjected to column chromatography (mobile phase: HA9) to give 3c (0.453 g, 84 %). M. p. 66 -67 • C. A solution of tripropylamine (2.188 g, 15.3 mmol, 2.9 mL) or tributylamine (2.83 g, 15.3 mmol, 3.6 mL) in benzene (6 mL) was added to 1 (0.344 g, 2 mmol) in benzene (5 mL). A solution of diphosgene (0.279 g, 1.41 mmol, 170 mL) in benzene (2 mL) was added with a syringe. Fumes were observed, the temperature rose to 40 • C, and the reaction mixture became cloudy. The reagents, protected from humidity, were stirred for 24 h at r. t., the progress of the reaction being monitored by TLC (mobile phase: HA9, BA9, BM9). The second portion of diphosgene (0.139 g, 0.70 mmol, 85 µL) in benzene (1.5 mL) was added. The completion of the reaction (disappearance of 1) was monitored by TLC. If a precipitate was present (the reaction with tripropylamine), the reaction mixture was filtered under reduced pressure, and the precipitate was washed with a small amount of benzene. The benzene filtrate was washed with equal volumes of 1 M hydrochloric acid, concentrated sodium bicarbonate solution, and water. The solution was dried (MgSO 4 ), filtered, and the filtrate was evaporated to dryness under reduced pressure. In the case of the lack of a precipitate (reaction with tributylamine) the reaction mixture was directly extracted, washed, dried and evaporated. The residue (3d: 2.28 g, 3e: 1.05 g) was purified by column chromatography (mobile phase: HA9, 3d: a crude product was dissolved while hot) to give 3d (0.480 g, 80.3 %) or 3e (0.560 g, 86 %). 3d: M. p. 56 -57 • C. 3e: M. p. 31 -34 • C.
